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INTRODUCTION

It will be the purpose of this paper to review
the opinions advanced in the past concerning the mechanisms involved in the therapeutic application of fever
as rationale for justifying its use.

An attempt will

be made to confine remarks to the hyperpyrexia which
can be produced mechanically.

It is felt that in this

way only can the influence of the fever per~ be adjudged.
Criticism might arise from the fact that the
clinical material included will be limited and somewhat secondarily considered.

A cursory survey of the

literature soon revealed that it would be impossible in
the time alloted to completely review the clinical reports which bave appeared.

Enough material was covered,

however, to ascertain that general trends were well represented by the work from the Nebraska Fever Research
Department.
Since the defense mechanisms of - the body as such
are extremely complicated and would involve a lengthy
discussion in themselves, it will be assumed that the
general opinions regarding their nature are familiar to
the reader.

HISTORICAL SURVEY

"Fever is a mighty engine which Nature brings
into the world for the conquest of her enemies."
--Sydenham (1624-1689)
The beginnings of the use of heat as a curative
agent lie buried in medical antiquity.

It is known that

arthritis is one of the oldest diseases suffered by vertebrates; for it has been traced to the skeletons of dinosaurs and great cave bears of prehistoric times (Neymann,
1939).

Grizzlies in Yellowstone Park today have been

observed to i mmerse themselves in the hot pools there,
apparently for the relief of pain.

Many of the earliest

mineral springs in Europe were discovered by observing
the bathing habits of the wild animals.

Thus man's use

of thermotherapy may have originated from his instinctive
beliefs in its curative powers.
Sun and heat therapy were employed by Egyptian physicians in the Fifth Century B.C. (Bierman, 1942).

Writ-

ings of Homer during the same century refer to the use
of warm baths for medical purposes before the "Age of
Pericles", more than three thousand years ago (Scharnberg
and Tseng, 1927).

Almost all of such applications were

,.,/
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constituents of religious practices of those times.
Diseases were thought brought about by the wrath of
celestial powers and cures were wrought by clemency of
the gods.

The chief object of man's worship became

the sun; for upon it depended health and vigor (Coulter,
1932).
As in other fields of medicine, Hippocrates reputedly played a part in the early use of fever therapy.
He is reported to have used hot water and steam baths

in treating

11

tense 11 skin, pains of extremities (Bierman,

1942), and paralysis in insane patients (Giles, 1938-39).
From his writings the quotation,

11

If I could create fever

as easily as I can treat fever, I would become the
greatest physician of all time", attests to his consideration of this form of therapy (Cited from Stolinsky,
1940).

Such consideration must have led to his much

quoted di ct urn:

"What medicine cannot ru re, iron can;

what iron cannot cure, fire can; what fire cannot cure,
nothing can." (Cited from Kobak, 1934).
By the time of the Roman Conquest (46 B.C.), the
bath in its relation to the gymnasium was well established throughout Greece.

Along with other borrowed aspects

of early Grecian culture, the bath soon became an integral part of Roman way of life.

Discovery of hot mineral

~
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springs and construction of the aqueducts led to t he
building of large and elegantly des i gned bathinghouses throughout Roman controlled t erritory.

Detailed

descriptions of these structures have been given by
Neymann (1933), Bierman, (1942), and others.

Statues

were placed within some baths, each with a finger pointing to the particular part of the body the diseases of
which were sup posedly specifically cured by the special
remedial powers of that bath (Scharnb erg and Tseng, 1927).
The rich took their private physicians with them to such
baths, while the poor depended upon the local doctors.
Although these therapeutists probably did not realize
that their treatments as perscribed were causing an increased body temperature, evidence from the descriptions
of techniques used indicates that such was accomplished
( Neymann, 1933).
Aurelius Cornelius Celsus (42 B.C.-37 A.D.) described
the use of heat for diseases of the eye which were accompani ed with pain and lacrimation.

tie used wet or dry

packs, and steam, hot air, or sun baths.

tie found that

such treatment would "relax the skin and draw forth corrupt humors, and change the conditions of the body. 11
Coelius Aurelianus treated wasting, hemoptysis, and dropsy
with dry hot air and hot sand baths and gives a detailed
description for their method of application (Bierman, 1942).

q
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The luxurious bathing houses later fell victims to
licentious practices and became places encouraging dissipation and easy indulgence.

The invasion of the Huns

from the north cut off the aqueducts thereby making further luxurious bathing impossible (Bierman, 1942).
During the Middle Ages the wooden replicas of these
ancient bath-houses were filthy, unhygienic, and freq~ented by courtesans.

With the march of syphilis throughout

Europe people began to fear the public bath because of
the association of the spread of the
them.

11

large pox 11 with

The houses therefore fell into disrepute and were

eventually closed.

By the end of the Fifteenth Century,

syphilis was being fought with various forms of heat
with or without other combinations of medication.
Thorough sweating of the individual for many hours by
blankets or hot baths was considered the essential part
of antiluetic treatment.

Patients so treated were at

least "cured" of their acute symptoms {Neymann, 1933).
The early American Indian used hot baths or steam
ovens for treating arthritis, neuritis and rheumatism,
which were common among them (Bierman, 1942).

Great

havoc was caused with the introduction of measles into
North America, not only because of the disease itself
but also because the lndians insisted in treating it
with intense and prolonged steam baths followed by

,;-~

rolling the patient in snow or plunging him into cold
water (Neymann, 1939).

They also applied such treatment

for the cutaneous lesions of syphilis.

The Mayas, during

the First Century, constructed ingenious therapeutic
chambers for giving steam .baths by pouring cold water
over red-hot stones (Simpson and Kendell, 1937).

The

negroes of tropical Africa and the Javanese used hot baths
for the treatment of "acute and chronic conditions"
(Neymann, 1933).
Among the Orientals, early Chinese writings described the use of heat for alleviating disease conditions
in that country.

The popular use of hot baths since the

Sixteenth Century in Japan for the treatment of all forms
of syphilis, arthritis, rheumatism, acute genital-urinary
disease, and respiratory, nervous, and ocular diseases is
well known (Bierman, 1942).

The most famous of these

therapeutic baths was located at Kusatsu and many miraculous cures have supposedly been accomplished there.
During the Renaissance of medicine in Europe
(\

'ff,.

(Neymann, 1933) fever became syno~ypus with disease and
reduction or absence of fever was associated with health
and recovery.

Claude Benard, Liebermeister, and others

devoted much attention to the harmful effects of fever
(Reimann, 1932) • . This approach was made possible through
the development and use of the clinical thermometer

l•
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(Bierman, 1942).

Virchow also ascribed various patholo-

gical degenerative changes ("cloudy swelling") to the
effect of fever, which further substantiated the belief
that an increase in body temperature could lead to nothing but disaster for the patient (Simpson and Kendell,
1937).

These publications were widely accepted, and

consequently, the last decades of the Nineteenth Century
witnessed the introduction of large groups of antipyretic
drugs, cold packs and baths, and other methods for the
reduction of fever when found accompanying a disease
( Neymann, 1933).
A few, however, dared defy the orthodox teachings
of that century, and the use of heat in various forms for
therapeutic purposes appeared inisolated and forgotten
accounts.

Naunyn was the first to attack Liebermeister

by showing that fever was not in itself responsible for
the pathological changes, but that the damage was caused
by the disease producing organisms {Reimann, 1932).
Gradually, a clearer and more scientific concept of fever
and its beneficial effects became apparent through several
revolutionary medical discoveries which ultimately resulted
in the founding of bacteriology, and an understanding of
human metabolism, nutrition, and physiology of the central
nervous system (Bierman, 1942).
Rosenblum of Odessa in 1876 was the first to introduce

1
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malaria inoculations as a means for producing artificial
fever in the treatment of general pa resis.

Such treat-

ment was suggested by observa tion of many apparent cures
in p:tretic patients who were fortunate to recover from
an incurrent malarial infection.

It remained for Julius

von J auregg, however, to stimulate the present interest
in therapeutic uses of fever {Stolinsky, 1940) .

In 1887,

h e suggested the possible merits of malarial inoculations,
but it was not until 1918 that he began using it therapeutically {Giles, 1938 - 39).

In the meantime he and others

attempted the application of numerous other specific and
non-specific agents which when injected intravenously
I

would cause an increase in body te mperature.

Finally,

physicians realized the inherent dangers of grafting one
disease on another to cure the first.

After obtaining

comparable results with such a multitude of various
pyreogenic agents, it also became apparent that simple
fever production itself was the important, if not the only
therapeutic factor involved.

These observations stimula t-

ed, therefore, the search for physical methods of producing hyperpyrexia {Simpson and Kendell, 1937).
Giles {1938- 39) has given an excellent review of the
development of the modern methods of producing artificial
fever in man.
of tha t report.

The following account is in part a summary
It will be noted that the historical

Q,
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aspects of artificial fever therapy from about 1930 on
concerns itself with the development and improvement of
numerous gadgets for an techniques of administration or
induction of hyperthermia.
Balneotherap,Z!_

As noticed in the foregoing, the

use of hot water baths played a major part in the early
development of ~nduced fever.

Phillips, in 1883, in-

creased his own body temperature by immersion in the Hot
Springs of Arkansas.

Scharnberg and Tseng (1927) and

Mehrtens and Pouppirt (1929) re-introduced the prolonged
hot bath for the treatment of syphilis.

The former

authors demonstrated favorable results with early syphilic
lesions, and the latter showed its value in treatment of
central nervous system lues.

They were able to maintain

rectal temperatures at 105° F. for two hours.

Recently,

Lemoine (1936, Cited by Giles) has also used this method.
His i:atients are summerged in a tub of water at 100° to
112° F. at two-day intervals.

At each treatment the body

temperature was increased to 104° F.
miraculous were reported.

Results short of

it was subsequently shown,

however, that hot-bath methods have injurious effects
upon the skin and that ordeals of hyperpyrexia so produced
were extremely debilitating and exhausting to the patients.
Vse of the hot water bath is therefore onlyof historical
interest.

C\
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Diathermz:

D' Arsonval in 1891 discovered diathermy

(high frequency) currents and showed that they would pass
through the human body without muscular irritation and
with the production of a "s~nsation of heat."

ln the same

year Nikola Tesla independently demonstrated the passage
of similar currents through the body without effects of
outside heating which he suggested could be used for therapeutic purposes (Bierman, 1942).

It was not until 1929

that Neymann and Osborne (Cited by Giles) noticed that
these high frequency currents could be used to produce a
sustained increase in body tempera ture which could be
further maintained if sufficient mea ns were introduced to
prevent undue heat dissipation.

This necessitated the

encasement of the patient in rubber sheets and bla nkets.
This diathermic method had also many disadvantages due to
the construction and application of the electrodes employed.

Epstein and McHugh (1935) and Osborne, Stafford

and Markson (1934, Cited by Giles) developed electrodes
which l a rgely did away with previous dangers of burns,
discomfort to the patient, and awkwardness in technical
control of t h e patient's temperature.

An increase in

temperature to 105°-106° F. could be obtained in an hour
and controlled for an extended leng th of time.

More

adequate meth ods were subsequently developed which have
led to the discontinuance of the use of diathermy fo-r

1v
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purposes of inducing general hyperpyrexia.
Radiotherm:

Whitney in 1928 made the interesting

observation that the body temperatures of men working in
the region of high-powered short wave radio transmitters
were sometimes increased two or three degrees (Bierman,
1942).

Several large machines were subsequently built

and distributed, but these were not found practical because of high cost and complicated construction requiring
trained technicians for their operation.

Then, too, due

to concentration of the electrical field around beads of
sweat, many burns were produced during treatment of patients.

Carpenter and Page (1930) removed most dangers of

arcing and burni'ng by covering the µ,. t ient with a celotax
cabinet and circulating heated air over the patient by
means of a blower.

Bierman (1932) used this method in

preference to others, but to some workers the disadvantages were many .
Blankets:

The old electric blankets were dangerous

to the patient because of burns and electric shock.

Newly

developed blankets of this nature have eliminated these
dangers, but require about five hours to increase the
patient's temperature to 105° F.

Such a lengthy induction

period in addition to the restraint put upon the patient's
movements was found very disagreeable.

Use today can be

limited to conditions which require slight elevations of

II
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temperature.
Plain blankets have been employed for many years.
Epstein and Cohen as late as 1935 used blankets and rubber
sheets only.

They were able to ,get an increase in tem-

perature of 102° F. in four hours or 104° F. in five hours
which could be maintained for a considerable time.

How-

ever, restraint upon the patient for twelve to fourteen
hours and the discomfort caused by the many blankets
made it a drastic procedure which should not be used today with availability "of more humane ways. 11
Radiant tteat :

By using radiant heat cabinets, Bish~p,

Lehman, and Warren (1935) found a method which they pre ferred because it was more comfortable to the patient,
more convenient, and more economical.

Very elaborate

"sun-bathing" cabinets were used many years ago (Coulter,
1932) which made use of the sun's rays through a series cf
mirrors .

The one big objection to radiant energy method

was their production of rapid pulse rates (170-190) compared with rates accompanying penetrating heating methods
(ra dio- or dia-thermy).
Hz.Eertherm :

In 1931, Kettering and Sittler experi-

mented with various methods of inducing fever.

In order

to decrease dang er of burns by radiothermic currents, they
designed a simple air-conditioned cabinet to cover the
patient.

But the complexity of combined radiotherm and

11-
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and air-conditioned cabinet militated against its general
usefulness (Simpson and Kendell, 1937).

By 1933 they

found that fever could be satisfactorily induced and
maintained with conditioned air alone.

A good discussion

of the hypertherm has been given by Neymann (1933).

An

apparatus so constructed became known as the Kettering
rtypertherm.

Undesirable physiological effects accompanied

its use, however, because of the relatively low humidity
of the heated air medium (50-55 per cent).

Its high en-

vironmental temperature and low humidity altered the physiologic temperature gradients, but this has largely been
corrected by increasing the humidity to 90-95 per cent.
Inductotherm:

In this -a ppara·tus, introduced by

Marrinan, Holinquest, and Osborne, 1934, heat was induced
through means of an alternating electromagnetic field.

The

environmental temperature was not high and played no part
in production of the fever.

Eddy currents, set up chiefly

in vascular and conductive tissues, were dissipated as
heat.

Since no electrodes were necessary and the electro-

magnetic field was not distorted by sweat, the danger of
burns was nil.

A cabinet through which circulated

slightly heated and humidified air (90 per cent), has
also been built to serve as an insulating blanket to prevent heat loss (Giles, 1938-39).
The preceding discussion has not been given only for

I'>
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the purpose of mentioning various mechanical devices
which have been developed for securing fever induction.
Discussions of the relative advantages of disadvantages
of these mechanical methods have been given by Bishop,
Lehman, and Warren, 1935; Neyman.~ , 1933; Nattress and
Evans, 1936; and Krusen, 1934 •

As will be pointed out

later, it was the height and duration of the fever which
was of therapeutic value (ttargraves, Doan, and Kester, 1935);
these in most cases were independent of the method of induction used.

Choice of apparatus or method, therefore,

has come to rest largely with the individual physician, ·
convenience, condition of the patient, presence or absence of altered physiology during the treatment, and
other specific contraindications.
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PHYSIOLOGICAL RESPONSES TO
INDUCED HYPERPYREXIA

The amount of work done to ascertain the physiological responses during artificially induced fever has
been very extensive.

It is not the purpose herein to

attempt a comprehensive review of this phase of the subject; for such may be found in reports of Hench , Slocumb,

Jt,.

and Popp, l1935j Neymann, 1933; Bierman, 1932; and Bierman
and Fishberg, 1934.

A brief summary of those altered

physiological processes which may in some way play a part
in the underlying mechanisms of favorable therapeutic results is, however, deemed necessary.

In the majority of

instances, such responses are independent of the mechanism used to obtain elevation of the body tempera ture
(Co.hen and ·warren, 1935; and Neymann and Osborne, 1934).
In other cases, the varia tions are of such slight magnitude or relative importance that t h ey may be considered af
academic interest only.

Important vari ations ac cording

to method of fever induction will be considered later.
Heat Regul§._to_r1 Mechanism :

Efficient mechanisms for

maintaining a nearly constant body temperature against extreme changes in environmental temperature occur only in
those species (mammals and birds) which have a highly

,..,
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developed nervous system (Bierman, 1932}.

There is ordin-

arily a balance between heat production (metabolism) and
heat lost to the environment by (1) radiation, convection,
or conduction; (2) evapora tion of wa ter from the lungs and
skin; (3) raising inspired air to body temperature; (4)
liberation of carbon dioxide from blood in lungs; and (5)
elimination of urine and feces (Best and Taylor, 1940}.
With the exception of f a ctors in respiration, the heat
regulatory mechanisms are un der the control of so-called
heat center in the tuber cinerum which acts as a thermostatlike regula tor through the sympathetic nervous system
(Bierman, 1932).

The increase in body temperature above

normal, designated aa fever, occurs because of increased
metabolism or decreased loss of heat or bot h , depending
somewhat upon the method used for induction of artificial
fever.

Wh a tever the case, there is probably a partial or

complete paralysis of the heat regulatory mechanisms
(Welch, 1888).
Tempe_!'_a_t_:ure of body pa_r_ts dur_i~ng induced fever:
Neymann and Osborne (1934) have ascertained the temperatures of various organs in situ by means of thermocouples .
inserted within needles and placed into various portions
of the body during treatment with hyperpyrexia (diath ermic,
radiothermic, or by blanket).

Temperatures of the subcut-

aneous tissue of the abdomen and thorax were found to be

Ito

16

about two degrees Fahrenheit lower than that within the
liver, rect·um, and colon (above 107.6° F. ).

This sub-

cutaneous tempera ture decreased more distally.

Such a

ratio between internal and external temperature was
maintained no matter what the ultimate temperature (the
:p3.tient remaining alive) as long as penetrating heat was
used for induction.

The gradient was usually reversed,

however, if induction was by external methods; for the
temperature of the tissue nearest t h e source of heat
would rise more quickly because of lag of dissipation.
By the former method, temperature of the lumbar spine
rose to 106° F. almost immediately while that of the
rectum increased more slowly.

Temperatures within the

cisterria magna--considered those of the brain itself-remained about one degree lower than the rectal (108° F.)
during four hours of treatment.
It has been shown (Binger and Christie, 1927) experimentally by subjecting dogs to diathermic hyperpyrexia that the temperature of the blood in the abdominal
aorta varied only with the systemic temperature, while
in the vena cava an increase was noted as one approaced
the heart.

It was further demonstrated that increase in

lung temperature could occur only i n states of relative
ischemia, as during exudative phases of pneumonia (Christie,
Ehrich, and Binger, 1928).

11
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By observation of temperatures in the median antebranchial vein, rectum, uterine cervix, Hunter's canal,
bladder, .and spinal canal, it was concluded that records
of rectal temperature provide an accurate index to the
temperatures of the deeper tissues (Krusen, 1936; and
Krusen and Elkins , 1939).
Body metabolism:

An increase in body temperature

affects the velocity of metabolism in the same manner
that heat changes velocity of chemical · reactions.

An

ultimate acceleration of total metabolism results which
is apparently due to an actual rise of tissue temperature and a consequent speeding-up of their chemical
changes (Du Bois, Cited by Bazett , 1927).

These altera -

tions are numerically expressed in one of two ways:

(1)

As an increase of seven per cent in the metabolic rate
for each degree (F.) rise in fever (Berris, 1933;
Neymann and Osborne, 1934; Bierman, 1933; Tenny , 1932),
or (2) as an increase by two and a half times in the rate
of oxidation for every ten degrees (F.) rise in temperature according to the law of Van't Hoff (Bierman, 1932).
Cardiovascular szstem:

Most authors state that the

pulse rate increases in proportion to the rise in temperature; this amounts to between 130 to 150 beats a
minute (Bazett, 1931; Bierman, 1933; and Bishop , .Horton,
and Warren , 1932) when the maximum temperature is reached .

1i
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It then decreases to 120 to 130 a mi nute and remains at
such a level throughout the rest of the treatment ( Hench,
Slocumb, and Popp, 1935).
The velocity of blood flow or circulatory rate is
also markedly accelerated (Bierman a nd Fishberg, 1934;
Hench, Slocumb, and Popp, 1935; and Neymann , 1933).
Most workers have described an increase in the minute
volume output of the heart (Bierman, 1933; a nd Ba zett,
1927).
Systolic blood pressure usually shows a slight
initial rise and a subsequent fall (Bierman

&

Fishberg,

1934; Bischoff, Long, and Hill, 1930).
Diastolic pressure also decreases but less in proportion to the systolic resulting in a decrease of pulse
pressure (Krusen, 1936; and Bierman a nd Fishberg, 1934).
If patients are allowed to drink as much fluid as
they desire during treatment, no demonstrable alterations
in blood volume or viscosity can be shown (Bierman and
Fishberg, 1934), although a slight concentration of plasma
early in treatment due to loss of fluids has been mentioned (Krusen, 1936; and Kovacs, 1935 ) .
Landis (1930) has demonstrated an increase in capillary pressure and Tenny (193 2 ) an increase in number
and size of capillaries in a given area.
Hench, Slocumb, and Popp (1935) and Neymann (1933)

I~
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reviewed alterations in the blood chemistry, but the
latter authors concluded that these changes were transitory and important only when the temperature was pushed
~

beyond physiological indurance or when treatments were
given at too frequent intervals.

Venous blood contained

large amounts of oxygen due to the increased circulation
rate even though metabolism was accelerated (Goldschmidt
and Light, 1925; Bischoff, Ma xwell, and Hill, 1931; and
Goldfeder, 1933).

Also, blood proteins were found to be

slightly altered by Frisch and Starlinger (1921, Cited
by Reimann, 1932) and unchanged by Neymann (1933) during
periods of therapeutic fever.
Many reports of blood counts during and after treatment by hyperpyrexia have appeared in the literature.

Al-

though the degree of alteration varies from individual to
individual and from treatment to treatment, the uniformity in type of alteration allows one to predict the
characteristics of a hemogram during treatment with considerable accuracy.

The usual picture described was that

of a leukocytosis characterized by marked spike-like increases in polymorphonuclear leukocytes following an
initial leukopenia of varying degree and duration.

In

the majority of cases the neutrophilia was accompanied by
a "shift to the left" indicating bone marrow delivery and
stimulation of hemopoiesis.

Lymphocytes and monocytes

-z 0
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were decreased both relatively and absolutely.

Only a

slight rise in number of erythrocytes and hemoglobin was
noted (Cohen and Warren, 1935; Hargraves, Doan, and Kester,
1935; Krusen, 1935; and Doan, 1938).

The motility of

neutrophilic leukocytes was increased in pyrexia with the
maximal rate at about 104° F.

With further rise in tem-

perature (107.6°) there was a depression of locomotion
(McCutcheon, 1923).

Warren and Wilson

(1932)

reported

an increase in the rate of leukocytic phagocytosis.
A loss of three or four liters of fluid and 18-26
grams of sodium chloride during each fever session have
been reported (Simpson, Kislig , and Sittler,

1933).

There was generally a temporary oliguria during and immediately following treatment ~eyrnann, 1933).
Resp_-.iratio_r1 :

Rate of respiration and volume of tidal

air are also increased which is accompanied by a sensation
of air hunger (Bierman, 1932).
Cellular permeability:

Vesiculation time was used by

Vonkennel (1929, Cited by Bierman, 1932) to measure cellular permeability and found to be considerably decreased.
Permeability of skin lymphatic capillaries was also increased with a rise in temperature ( Hudack and McMaster,
1932).

Permeability of the meninges was found to be in-

creased during hyperpyrexia by hot baths (Mehrtens and
Pouppirt, 1929).

It was necessary that the temperature

._\
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be increased to at least 103° F. for thirty minutes on
five successive days.

No discussion as to the possible

beneficial effects of this alteration was ventured _by
the authors.
Re~roduction:

Neither growth nor the ability to

reproduce have been shown to be harmed in any way by
periods of therapeutic hyperpyrexia (Neymann, 1933;
Bierman, 1932; and Boak, Carpenter and Warren, 1932).
Pathologz:

The principle pathological changes which

have been attributed to hyperpyrexia (clinical and experimental) found in patients or animals succumbing
during or immediately following treatment may be listed
as follows (Hartman and Major, 1935):
1.

Engorgement of blood vessels; especially of
the capillaries.

2.

Hemorrhage.

3.

Degeneration.

Those wbich are more serious take the form of hemorrhagic
pneumonia in the lungs, and degeneration and hemorrhage
into the adrenal cortices.

Even though the body can

apparently endure temperatures regarded higher than normal, and although body temperatures may return to that
normal following hyperpyrexia and a disease be arrested
in its course by application of heat, many somatic cells
are probably destroyed or _pathologically altered by the
increase in temperature.

Of these, the more specialized

'Li.J
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cells are most sensitive (Jacobsen and Hosoi, 1931).
However, death during or immediately following treatment was due to vascular collapse (rtartman and Major,
1935).

The more minor changes occurring in any organ,

as have just been mentioned, are not necessarily marked
in these cases.

Regeneration of this slight damage to

parenchymatous tissues apparently occurs immediately
and completely following fever therapy, the changes
being reversible within the usual limits of therapeutic
application (Wilson and Doan, 1940).
Physiological changes according to method of.!!:.::,
ducing fever:

If hyperpyrexia was induced by external

methods (blankets, cabinets, etc.), the skin temperature rose above that of internal organs and this difference became equalized only after the heighth of the temperature was reached and the patient about to cool off.
With penetrating heat methods (diathermy, radiothermy,
etc.), the skin temperature also increased because of
the vasodilatation brought about to decrease internal
body heat.

This rise, however, was never as great as

seen in the former case.

Such differences made little

difference to the robust patient (Neymann, Feinberg,
Ma rkson, and Osborne , 1932).

Their possible signifi-

cance in affecting the p:3.tients' disease condition will
be referred to later.

'l.,

">-

23

The amount of perspiration with external heat induction was much less than with penetrating met h ods
(Neymann and Osborne, 1934).

The ca pill ary pulse pres-

sure, on the other hand, increased but not to the extent

observed with use of the hot bath ( Neymann, 1933).

The

pulse rate was higher when external met hods were used
(Neymann, 1933); for some ha ve sh own that the pulse
rate was independent of the body tempera ture but varied
directly with the te mperature of t h e skin (Benson, 1934;
Phillips and Shikany, 1935).
The use of several electrica l methods (diathermy,
radiothermy, or r a diant energy) to elevate and maintain
hyperpyrexia was followed by the s ame rela tive blood
changes and b one marrow responses (Cohen and Warren,
1935).

There has also been shown to be no difference in

blood chemistry or metabolism with external methods of
fever induction (Bischoff, Ullmann, Hill, and Long , 1930).
The advantages of using high humidity in inducing
fever by external met hods a ccording to its affects upon
the physiological processes should be given; for the
Kettering hypertherm--used with the clinical cases to
be considered herein--employes the principle of rela tively high humidity and low environmental temperature

-

for production of artificial hyperpyrexia.

These "ad-

vantages" have been iisted by Snow (1938) as follows:

1J
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1.

An increased conductance of the skin which
leads to better heat absorption by the patient from the environment.

2.

A decreased need for sweating.

3.

Less decrease in plasma volume.

4.

Lower temperature of the skin.

5.

Lower pulse rates.
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MECHANISMS UNDERLYING THE THERAPEUTIC
EFFECT OF ARTIFICIAL HYPERPYREXIA

General

General mechanisms are those factors thought to
be acting whenever fever is induced; one or several of
them in themselves or in addition to one or more specific factors are probably respo~sible for favorable
therapeutic results.

In addition, some mechanisms are

poorly understood and merely conjectural.

In such

cases, observation of clinical improvement in itself,
justifies the employment of therapeutic fever.

For this

reason, it is necessary to review clinical results from
therapeutic application of fever in various forms of
disease.

Ma terial used herein was obtained through the

kind consent of Dr. A. E. Bennett from the work done
at the University of Nebraska College of Medicine fever
thereapy research department.

For use in this depart-

ment a Kettering -Simpson hypertherm was secured in 1934
from the Kettering Institute for Medical Research.
Principles by which fever is induced by this apparatus
have been previously mentioned .
In 1884, Welch made the statement that
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Enlightened physicians have held the opinion
that fever is a process wh ich aids in the
elimination or destruction of injurious substances which gain access to the body. The
doctrine of evolution indicates that a process which characterizes the reaction of all
warm-blooded animals against the invasion of
harmful substances has not been developed to
so wide an extent without subserving some
useful purpose.
In the use of hot baths the curative merits were
customarily attributed to the mineral content of the
waters employed (Stolinsky, 1940).

It was the observa-

tion of Fox in 1915 that heat, when ap plied to warmblooded animals, was acco mpanied by
in the tissues. 11

11

•••

definite changes

Since living forms exist only within

co mparatively narrow limits in r a nge of te mperature, it
was not

11

surprising 11 to him that cha nges of heat could

be used for t h e

11

•••

care of health and the cure of dis-

ease. 11
Observat ions tha t an incurre nt, unrelated, g eneral
febrile disease was often antagonistic to the continuation of a primary disease are plentiful.

Many cases of

progressive chronic diseases have been re ported as benefitted or cured following an episode of an acute infection in the same i n dividual.

It has also bee n obs e rved

t hat decreased body tempe r ature may lower resistance to
infective orga nisms (Hench, Slocumb, and Popp, 1935).
Fever lnay b e regarded as an active f actor in aiding the
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body destroy infectious agents and repair tissue injury from any cause ( Carpenter and \larren, 1932), but
Neymann (1939) stated that

11

most observers 11 still ad-

mitted that its therapeutic effects rested entirely
upon an

11

empirical basis . "

With the increase in general body metabolism
occurring during fever the oxidation and elimination of
toxic substances increases proportionately (Coulter ,
1933) .

This more rapid and complete oxidation of toxic

materials into normal products of excretion leaves the
cells healthier and better able to resist further invasion .

Vasodilatation , observed with hyperpyrexia ,

aids tissues in increasing their oxidizing powers by
increasing blood supply .

Surface heat may also "inhibit"

nerve endings and allay pain .

When the surface heat is

conducted through the inner tissues of the body by the
circulatory system, it aids in absorption of infiltrations
and exudations (Kobak, 1934).

Along with artificial

fever, more or less profuse sweating usually occurs .
Thus originated the popular idea of

11

eliminationn which

has impressed the laity as well as some of the medical
profession (Mock , 1932).
out

11

Diaphoresis supposedly carried

certain amounts of ptomains '', thereby relieving

depression of nerve centers found with a systemic toxemia (Ski nner, 1902).
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Considerable evidence of the influence of hyperpyrexia upon antibodies, agglutinins, or complement and
their relation to body defense has appeared in the literature.

Much of the early work was done in Europe and

has been reviewed by Ellingson and Clark (1942).

Those

reports stated that there was either no change or a
variable increase in specific or non-specific agglutinins
during or following experimental fever in animals.

The

complement content of the serum usually remained unal~
tered.
Data since has been somewhat variable.

Tidy in

1915 found that fever removed or diminished inoculated
E. typhosa agglutinins when applied after their injection into animals .

Dreyer , Gibson , and Walker (1916)

reported that febrile diseases did not alter the agglutination titres of patients previously inoculated
against typhoid or paratyphoid.

(The latter authors

used a macroscopic method of determining titres, and
were of the opinion that Tidy's failure to detect a
titre was due to his using an "outmoded" microscopic
method .)

Ecker and 0 1 Neal (1932) found that titres in

rabbits immunized with typhoid vaccine were either not
altered or only s~ightly decreased during fever and re turned to

11

normal 11 afterwards.

Allen and McDaniel

(1937) noted the development of hemolytic titres in
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frogs when injected with sheep erythrocytes and kept in
a warm room.

Those kept at 100 C. (50 0 F.

titre whatever .

)

formed no

In 1942, Ellingson and clerk performed

a series of carefully controlled expe riments in rabbits.
They reported that a moderate fever (40° C. or 104° F.),
had no influence upon the titres of circulating antibodies to sheep's red blood corpuscles.

If a higher

temperature were produced during immunizations against
sheep's erythrocytes, typhoid vaccines, or egg albumin,
specific antibody responses were impaired.

Such temper-

atures were found capable of reducing and maintaining
titres to a fraction of their prefebrile level.

Fever

does not seem to stimulate . production of agglutinins
b~t if of sufficient heighth, inhibits their formation
or hastens their destruction.
Jung -and Day (1931, Cited by Neyrnann , 1933) found
no change in complement and the opsonic index during or
following experimental fever.

Bierman and Fishberg

(1934) reported that fever produced a decrease of complement in the peripheral blood in experimental animals.
Coulter (1933) observed that ·the complement cont~nt of
rabbit serum was either not affected or only slightly
depressed during periods of fever.

All agree that the

amount of complement is not increased.
Other. factors usually regarded as important in
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the mechanism of body defense are the responses of cellular elements.

Of these the leukocytes of the peripheral

blood and the histiocytes or macrophages of the so-called
reticule-e ndothelial system are of principle interest.
The polymorphonuclear leukocytosis with a "left
shift 11 , as described in the foregoi ng, has been found to
be a rather constant hemopoietic respon se to fever
(Hargraves, .Doan , and Kester, 1935).
These responses are probably non-specific and not
the most important from the standpoint of defense according to Cohen and Warren (1935); for the use of any of
several meth ods usually gives the s ame relative responses.
Commandon (1919, Cited by Carpenter and Warren,
1932) noted that in vitro leukocytes crept faster at 35°
C. (95° F.) than at 25° C. (77° F. ).

With t emperature

increase, the physical properties of these leukocytes
changed from a gel to a sol state.

They thereby become

more permeable and able to ingest greater numbers of
bacteria or other foreign material.

Mccutcheon (1923)

noted that the most rapid neutrophilic locomotion occurred at 40° C. (104° F.) a tempera ture frequently used
for therapeutic purposes.

If the tempera ture rose to

42° C. (107.6° F. ), however, locomotion was depressed.
Warren and Wilson (1932) a nd Carpenter and Warren (1932)
observed an acceleration of neutrophilic phagocytosis of
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gonococci during courses of induced fever by hourly
examinations of cervical smears.

Fenn (1922, Cited by

Carpenter and Warren, 1932) had previously shown that
the rate of phygocytosis of bacteria was nearly a
logarithmic function of the temperature.

Ellingson and

Clark (1942) four.d that phagocytosis of staphylococci
by guinae pig leukocytes in presence of normal serum
increased with a rising temperature to a maximum at
40° C.

Phagocytosis by human leukocytes in similar

conditions showed the optimal zone to be from 38° to
40° C. (100.4 - - 104° F.).
Bruetsch and Barr (1928) suggested that the profound, almost universal stimulation of

11

phagocytotic

clasmatocytes" in treatment with malaria inoculation
provided an important cellular defense weapon in the
curing of central nervous s y$e m syphilis.

Doan (1938b)

and Lewis (1938) noted a tremendous increase in

11

clasma -

tocytes11 in the spleen, liver and lymph nodes of rabbits
and humans subjected to artificially induced hyperthermia
by physical means.

This histiocytic response was con-

sidered by Doan (1938b) to be remarkably effective as a
defense mechanism.
The effects of temperature per~ upon microorganisms regarding their motility and viability have been
investigated.

Reimann (1932) reviewed the work of
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several German authors who reported that the motility
of bacteria decreased or was lost, their growth impaired
or completely inhibited, and animals became less susceptible to bacterial infections when subjected to varying degrees of increased temperature.
inations of the
have been made.

11

In vitro determ-

thermo-lability" and "thermo-death time 11
These revealed that the growth and re-

production of a considerable number of microorganisms
could be sufficien tly inhibited by a rise in temperature
well tolerated by the human body.

In some cases, the

organisms were apparently completely destroyed.

Heat

may in other instances, however, aid in the dissemination of an infectious organism (Ellingson and CJark,
( 1942).

In summary, fever has been thought beneficial because it produced:
1.

General effects from increased metabolism
aiding in the processes of detoxification and
"elimination. 11

2.

Local effects from vasodilation and increased
blood supply in a part.

3.

Indirect effects of bacteriolysis or bacteriostasis resulting from acceleration in formation or mobilization of immune bodies,
complement, or opsonin.
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4.

Indirect effects through the increase in
number and phatocytic activity of leukocytes
and macrophages.

5.

Direct effects of bacteriolysis or bacteriostasis due to the influence of heat per~ upon
the microorganisms.

The relative importance of the indirect bacteriolytic or bacteriostatic effects of fever are questionable; for experiments have shown no increase and many
have demonstrated a decrease in these humeral defense
mechanisms .

This in itself should not discourage the

therapeutic use of fever, because in certain conditions
the total effect of fever may be very beneficial to the
host (Ellingson and Clark, 1942).
The ultimate results from the use of fever in
treating many diseases usually depend upon the duration
or/and heighth of induced body temperature, which may be
varied with the individual and the nature of his disease
process.

In some cases it has been found desirable to

accomplish thermolethal influence u pon the organism
(gonorrhea and syphilis).

In others (thrombo-angiitis

obliterans) peripheral vasodilatation has been the aim.
An increase in leukocytes, macrophagic phagocytes , or
tissue permeability appear beneficial in still others.
Lastly, a mild systemic combined with a high localized
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temperature has produced satisfactory results (Bi erman,
1932).

Because of these factors, arbitrary rules for

the method of treatment in a given disease have been
proposed.

Due to the fact that the mechanisms of de-

fense which are called into play depend upon the type of
hyperpyrexia induced, inclusion of the suggested plans
for treatment as set up by Snow (1938) are given below.
1.
gonorrhea.

Sustained high temperatures were generally used in
Unless the minimal te mperature rose to 106.5°

F., the duration ample, or the treatments closely grouped, results were not good.

Bennett (1937) stated that

treatments of 105° to 107° F. were satisfactory in both
gonorrhea or syphilis.
eight to ten hours.

Length of treatment ranged from

Cases of meningococcemia and granu-

loma inguinale should be included in this class.
2.

Sligp.j;_ly lower sus_-t;aJ_!l_ed j;_emperat_ure_s of shorter

duratio~ have been found adequate in chorea, syphilis,
acute rheumatic fever, gonorrheal cases in combination
with sulfonamides, and undulant fever.

A temperature of

105° to 106° F. for three to eight hours was suggested~
3.

Temperature ~ exceeding 104°

!!.

for five

hours was used in luetics who were poorer risks and who
had received previous antiluetic treatment.

A limit of

vasodilatation attained by this method has proved beneficial in treating iridocyclitis, keratitis, chronic
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infectious arthritis, and certain skin diseases.
4.

Short treatment below 104° F. gave maximum

vasodilatation, stimulated a moderate leukocytosis and
increased metabolic rate, but were less strain to the
patient.

This method has been advised for phlebitis ,

obesity, chronic arthritis, and common colds.
5.

Quick peak temperatures of 104° to 105° F.

followed by immediate insulation of the patient and a
slow steady fall have been advocated for treating atrophic arthritis, neuritis, and myalgias.

Such treatment

is stimulating, pain relieving, and gives considerable
vasodilatation and phagocytosis.
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MECHANISMS I NVOLVED IN THE TREATMENT
OF SPECIFIC DISEASES

Syphilis

The Treponema pallidum has certain thermal characteristics which are thought expressions of its adaptability to life within the human organism.

These

properties determine, in plrt at le a st, the clinical
manifestations of syphilis and may influence the outcome of treatment by artificial fever.
The human organism is more re a dily susceptible
to syphilis than most lower animals, e.g., the rabbit,
because of its lower mean normal body te mperature.

The

syphilitic chancre is al ways found on relatively cold
parts of the body surface.

Temperature within t h is

primary lesion is sufficiently low to promote rapid
multiplication.

Here also, the spirochete is thought to

undergo its first thermic adaptation resulting in an increased resistance to higher temperatures.

Septicemic

waves of organism invade the ge nera l circulation from
the site of primary inoculation to all organs of the
body.

The spirochete survives, however, only in rela-

tively cool tissues, leading to the secondary stage
with cutaneous and mucosal manifes t ations,

The
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muco-cutaneous tissues subsequently acquire an immunity,
and the disease enters a latent period.

During this

period the spirochete endeavors to increase its thermic
resistance by periodic , light, septicemic showers into
the general circulation from "various glands" of the
body.

Final adaptation does not al ways succeed and

"spontaneous cures 11 may _r esult.

Generally, however,

the thermic resistance is realized and the tertiary period with spirochetal multiplication in the warm internal
organs becomes established.
11

These processes were termed

thermic evolution" by Bessemans (1930).
In the early part of the Sixteenth Century the late

manifestations of syphilis were not recognized; those
lesions on the surface--the
and treated.

11

great pox 11 --were observed

It is convenient to consider treatment from

the standpoint of the early stages, primary and secondary, and of the late or tertiary stages •
Hot water and steam baths were the principle agent
for production of fever used by early physicians .
Hollingsw orth (1928) has cited the work of several who
obtained favorable results with such methods.

Not all

were so successful, however; for a one Nicholas Massa
(1563, Quoted by Hollingsworth , 1928) found
• • • that few or none were cured either by
imbibing or· bathing in iicilr-waters . Such
benefit as seemed to be attributable to the
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baths was never permanent, but was followed
by relapses. For this reason.---:-. there
is not much virtue in the heat (by bath)
alone • • • which was weakening • • • and
which • • • even induced a new excerbation
o~ the disease.
In 1889, Kalashnikoff (Cited by Neymann, 1933)
observed the more ra pid disappearance of local syphilitic
lesions after immersing patients in hot baths than following treatment with mercury in vogue at that time.
He attributed t his to t he increase i n circulation, but
also realized that such therapy was not the cure of the
basic disease.

He thoug ht tha t the heat itself destroyed

the "syphilitic virus", even though the organism was not
discovered until three decades later.

Although this came

to be generally accepted through the years, Hollingsworth
(1928) recently sha.ved t hat patients subjected to hot
baths usually failed to show any clinical or laboratory
evidence that the heat exterminated or ap preciably damaged spirochetes present in surface lesions.
I nvestigators sought next to establish the viability of the T. pallJC1.um and the curability of primary
lesions by a series of experime n ts upon t he organism.!!!.
vitro and in lesions of exp erimental animals as well as
primary chancres of humans.

In 1913, Bronfeubrenner and

Noguchi sh owed that spirochetes suspended in normal
saline were killed by 45° C. (113° F.) in seven to ten
minutes, but if grown upon suitable media, survived such
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temperatures for many hours.

In 1919, Weichbrodt and

Jahnel (Cited by Neymann, 1933) were able to heal scrotal
chancres of infected rabbits with temperatures of 104107.60 F. given in repeated short exposures in heated
chambers.

Scharnberg and Rule (1 926-1928) demonstrated

that daily repeated baths prevented development of
lesions in rabbits inoculated with virulent treponemas.
By similar methods they were able to cause testicular
s yphilomas and secondary ulcers to disappear {Cited by
Neymann, 1933).

Scharnberg and Tseng (1927) conducted

the first clinical studies on the use of the hot bath for
primary lesions in man and found them to clear promptly.
Their results were not accompanied by darkfield studies
of the lesions, havever.
Bes s emans (1930) repeated the foregoing work with
identical results.

He noted that t h e T. pallidum were

destroyed with equal rapidity and effectiveness independent of the physical method used for fever induction.
Bessemans, de Porter, and Haequaert (1929, Cited by
Neymann, 1933) and Carpenter and Boak (1930,1932) further showed that ra bbit testicles failed to develop
lesions i f placed and retained intra-abdominally subsequent to inoculation with virulent spirochetes.

It was

later determined (Boak, Carpenter, and Warren, 1932b)
that the in vitro thermal death point of the T. £allidum
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was 105.8° F. for two hours.

Lower temperatures were

also lethal if maintained for longer periods of time.
These experiments demonstrated that the spirochete
could be killed by
102.2° F. for five hours,
104° F. for three hours,
105.8° F. for two hours, or
106.3° F. for one hour.
It was concluded that the increase in temperature". • •
provided an unfavorable environment for the spirochetes
~

either destroyed or injured them so that they lost

their infectivity." Stimulation or a ctivation of those
factors in the body concerned with its prote ction
against infections remained questionable.

.

Since in-

jections of testicular nodular extracts from "healed
lesions 11 failed to give syphilis, the spirochetes must
have been killed, however, and not temporarily injured
(Carpenter, Boak, and Warren, 1932) .

Bessemans and

Thiry (1933, Cited by Neymann, 1933) proved to their own
satisfaction that treponemas became immobile and disappeared from local lesions after diathermic treatment in
which body temperatures were increased to 105.8 - 109.4°
F. for thirteen to eighty minutes·.
Neymann (1933) subjected patients to hot air and
diathermy temperatures of 105.8° F. for two hours.

Pri-

mary and secondary lesions disappeared after the second
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and returned at varying intervals following the fourth
and last treatment.

In most cases, howeve r, dark field

examinations showed the chancres to be free of spirochetes within 24 hours of the first treatment, and none
were seen in any case after the second.

Lymph nodes of

these same patients showed fragmented or normal treponemas despite tQe fact that sections of chancres from the
same patients contained no organisms.

Bessemans (1930)

explained this finding by demonstrating that treponemas
in inguinal nodes of rabbits and guinae pigs were organisms adapted to more difficult conditions, very virulent,
and resistant to heat or chemotherapy.

They differed

therefore from organisms in primary and other active
su:p:3rficial lesions .

These observations indicated that

even though external temperatures of apparently sufficient levels to kill the treponema (thermal death point)
were employed, eradication of the organism within the
body was not accomplished, and the progress of the disease only temporarily arrested .
Epstein and Cohen (1935) induced fever of 102.2 104.9° F. for six or seven hours and found that primary
and secondary lesions in 10 of 33 patients were negative
to dark field examination immediately after the first
treatment.

Nine others also became negative after the

second febrile period .

In several other cases a distinct
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change or complete loss of motility of the spirochetes
was noted.

These changes were taken as evidences of in-

jury to the spirocheta.

There were three clinical re-

currances after treatment and the serology remained unchanged in all.

Such results further indicated that the

infection as such could not be greatly affected by fever
treatment.

Neymann and Osborne (1934) noted t hat sur-

face temperatures increased more slowly than other
tissues, and stated that t his inability to raise entire
body to sufficient heighth most likely accounted for unsatisfactory results following many treatments.

They

were of the opinion that fever alone was not satisfactory for treating early syphilis inspite of the fact that
temperatures could be obtained and maintained at the socalled thermal death point of T. £allidum.

Thus, al-

though theoretically primary and early syphilis ought to
be more easily influenced than central nervous system
lues as evidenced by a clearing of local lesions, it has
been rather conclusively sh own that such fever will not
prevent or influence the general infection in its early
states.
The story is different in treatment of central
nervous system syphilis.

As previously mentioned, methods

of fever induction vary.

It has been apt:arent, however,

that it is the duration and degree of hyperpyrexia, and
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not the way of its production, which are the determining
factors of beneficial results (Hinsie and Blalock, 1932;
and Hoverson and Marrow, 1933).

Comparable temperatures

for comparable durations of time have given comparable
results ( Hinsie and Blalock, 1932; and Bennett, 1942).
Since the turning point in the management of paresis revolved around the use of malarial injections by physicians abroad, much of the early work done was attempts
to explain the mechanisms behind such injections.

The

theories proposed have been reviewed by Lewis, Hubbard,
and Dyar (1924); Freeman (1927); Bruetsch and Bahr (1928);
Ferraro (1929); Davidson (1936); and Wagner-Jauregg (1926 ).
The fever produced is infectious in nature, however, and
therefore malarial injections cannot be considered a
method for "artificially 11 inducing fever.

Refere nce to

the effects which it probably produces will be made only
in so far as they seem to aid in explaining results obtained by physical methods of induction.
Effects of malarial injections in treatment of
central nervous system syphilis were studied by Breutsch
and Barr in 1928.

They attributed the be neficial in-

fluence to the great stimulation and subsequent phagocytic activity of the reticulo-endothelial system.
Heighth of the te mperatures appeared to have little or
nothing to do with the recovery of tre patient.

Freeman,
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Fong, and Rosenberg {1933) also thought that the temperature reached was of no significance, because they observed no better results from use of diathermy by which
the same or even higher temperatures were reached than
with malaria.

This was attributed to the possibilities

that diathermy either did not stimulate the reticuloendothelial system or promote as effective drainage of
the neural parenchymal tissues as did malaria.

Autopsies

of six cases of advanced paresis who received ten diathermic treatments of 104-105° F. and died in eight to
ten months without clinical improvement, revealed that
cerebral atrophy, disordered laminat ion, gliosis, and
perivascular inflamatory cell infiltration were as marked
{or more so) as that seen in untreated cases.

The year

before, however , Hinsie and Blalock (1932) treated 68
cases of general paresis with diathermy attempting to
duplicate the te mp erature curves of malaria.

Results

with diathermy proved analogous with those of malaria.
This work has come to be regarded as the final proof to
most physicians, that like temperatures produce like
curative results.
Haddon and Wilson (1933) and Neymann (1933) stated
that benefit derived in treating neurosyphilis was not
only based upon the killing of spirochetes by the high
temperature but also upon the generalized vasodilatation
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accom:p3.nying physical methods of fever induction.

The

general increase in circulation to the brain was thought
to re move the exudative products more rapidly and might
even be the greatest, if not the sole, beneficial mechanism (Haddon and Wilson, 1933) .
was somewhat different.

Neymann's (1933) opinion

He stated that repeated bi-week-

ly bouts of fever above 41° C. (105.8° F.) not only killed the majority of organisms but also produced changes
in meningeal permeability, which allowed natural antibodies to reach treponemas more eas i ly.

Some treponemas,

better adapted to difficult conditions, could aurvive.
The number in brains of untreated general paretics is
very small even though some are found following fever.
These organisms have evidently become adapted to living
within the hotter parts of the body and have likewise
become resistant to natural curative tendencies of the
syphilitic antibodies (the existences of which is greatly
doubted by some) as well as fever or chemo-therapy.

As

long as their only damage consists of infiltrations and
vascular lesions, the outcome of treatment will remain
hopeful, but destruction of parenchymatous tissues of
the cortex remains irreparable.

Malaria and other fever

treatments tended to reduce exudates since brains of
paretics could usually be found to contain decreased
amounts of plasma cell and lymphocytic infiltration in
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both meninges and perivascular spaces--certainly far
less than observed in the average paretic (Lewis, Hubbard,
and Dyar, 1924; Ferraro, 1929; Bruetsch and Bahr, 1928;
and Freeman, 1927).
Wagner von Jauregg (1936) reviewed the mechanisms
thought efficacious in malarial injections.

These re-

actions were later also considered to occur with physical
induction methods (Hargraves, Doan, and Kester, 1935;
and Doan, 1938b).

He stated that it was probably im-

possible to kill the spirochetes in the human body by
increased temperature alone.

Wagner-Jauregg concluded

that hyperpyrexia acts principally by increasing the
faculty of resistance of the brain as well as certain
other organs to the spirochetes and to noxious substances
produced by them.

The brain first acquired this faculty

which later extended to the meninges resulting in a reversal of cerebral spinal fluid serology.

Finally, other

tissues gained the same resistance and the blood Wassermann becomes negative.

Attempts to demonstrate apecific

antibodies in the blood serum or spinal fluid have failed.

All immunity against syphilis appeared referable to

tissues and organs, either before or after treatment.
Stimulation of the reticule-endothelial system--an expression of the increase in general body defense mechanisms--played an important part in the long-lasting after
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effects of malarial treatment.

He noted further that

physical means of fever induction probably resulted
in similar responses, especially in the reticule-endothelial system.

These methods, however, invoked a strong

polymorphonuclear leukocytosis while malaria produced a
leukopenia.
Benedict (Discussion, Culler and Simpson , 1937)
proposed tha t " • • • in fever, there is, in addition to
its local actions, a physiologic factor that makes
available certain non-specific antibodies, which in themselves probably exert a favorable influence. 11
Post - mortem studies of patients subjected to var"

ious forms of fever therapy have revealed an extraordinary diminution or a complete ab sence of lymphocytic
perivascular infiltration~ wbich Hargraves , Doan and
Kester (1935) thought played an important part in bringing about clinical improvement of neurosyphilis .

To

them, this factor might be more important than the
influence of the clasmatocyte (histiocyte).

Later , how-

ever , Doan (1939b) found from experimental hyperpyrexia
in rabbits as well as in humans a
• • • tremendous increase in these pha gocytic
cells • • • in the tissues, more especially
in spleen, liver, and lymph nodes . To that
extent , at least, artificial hyperthermia by
physical means not only provides the thermal
factor for the inactivation of the treponema
~allidum • • • , but has been demonstrated to
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exert a profound effect upon the cellular
equilibria of the body--in the directions
which we believe , at the present time, to
be the most effective in the mobilization
of the defense forces of the body against
this disease.
Clinical results from trea tment of neurosyphilis
by combined artificial fever and chemo-therapy may be
briefly summarized from a report of Bennett (1942).
Cases were treated according to the severity of the
symptoms, tolerance of the ptient , and clinical improvement .

Direct evaluation in any series of fever per~

cannot be made , but the trend of therapeutic results is
significant.
Asymptomatic neurosyphilis:

Fifteen cases of

Wassermann fast, chemo-resistent asymptomatic central
nervous system luetics were given 50 hours of fever
along with various chemical (Bennett, Cash , and Hoekstra,
1941).

Results may be tabulated as follows:
Blood serology
Reversed •••.••••
Less positive ••.•
Unimproved ••••••

7 (46.6%)

3 (20%)

5 (33.3%)

Spinal fluid serology
Reversed • • . . . . . • 11 ( 73. 3%)
Less positive •••• 3 (20%)
Unimproved ....... 1 (6.6 %)
General paresi~:

Two series of patients were in-

volved, the first we re private patients and the second
cases from the state hospitals .

Re sults were as follows:

49

1.

Private cases, total •••••••••••••••• 50
Mild or moderate types 41
Severe ••••••••••••••• 9
Three years after treatment:
Full remissions ••••·•••• 28 (56%)
Improved •··•··••••·····• 17 (34%)
Unimproved ••••••••.•••.•• 3 ( 6%)
Died ••...•.. • • • • · • • • • • • • • 2 ( 4%)
Serology
Blood
Negative ••••••••.• 34%
C.S.F.
Complete reversal. 63%
Less positive ••••• 76%

2.

State hospital cases, total ••••••••. 79
Mild or moderate types 37
Severe types ••••.•••• 42
Three years after treatment
Full remissions •••••••••• 15 (19%)
Improved •••••••••••••••• 26 (33~)
Unimpr oved ••••••••••.••• 31 (40%)
Died (in 3 mos .) ••••••••• 7 ( 8%)
Serology
Blood
Negative ••••••.•• 15%
C.S.F.
Complete reversal. 42%
Less positive ••••• 63%

It should be noted that with the increased percentage of
more severe cases in the latter group there were fewer
cases of "full remission or improvement. 11
Tabes dorsalis:

These were given similar treatment

and the results may be summarized as follows:
Number of cases (all severe) •••..
Neuritic pains in . ••••••• 29
Complete relief ••••. 13
Improved ••••••••••• 12
Unchanged •••••••••. 4
Gastric crises in ••.•.•• 15
Complete or partial
relief ••••.••.•• 11
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Ataxia, if early, was greatly improved; if late, remained
unimproved.
ed.

Conditions of Charcot's joints were not alter-

Five of the eight patients with urinary incontinence

received some relief.
Meningovascular neuro~hilis:

Ten of the fifteen

patients of the group received prompt improvement of their
symptoms.
Congenital syphilis:

Although the re sults were not

striking in the nine cases treated, this form of therapy
is probably the only offering help of any significance.
Ocular syphilis:

"Cases of interstitial keratitis

and extra-ocular palsies have responded well; optic
atrophy cases have been arrested and blindness prevented. 11
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Gonorrhea

Genito-urinari gonorrhea:

During the last half

ceatury, many authors have noted the inhibiting influences of heat upon the gonococcal organisms with in
vitro or in vivo experimentation.

In 1894, Finger,

Ghon, and Schlagenhaufer (Cited by Neyrnann, 1933) failed
with

to obtain urethritis injection of gonococci into patients
who had a temperature ( 104° F. ) , but were always successful in an afebrile patient .

In the same year, Guiard

(1894) observed a case of gonorrheal urethritis which
was cured following an atta ck of scarlet fever.

Ne isser

and Scholtz (1903) found that it was more difficult to
secure a positive culture from patients with a fever than
if they were afebrile.

Bogdon (1893) and Luys (1917)

both described cases of urethritis whi ch cleared of
discharge during and reappeared after attacks of incurrent febrile diseases.

Similar cases were reported by

Culver (1917), Boerner and Santos (1914), Ylppo (1916),
and Nobl (1914, All cited from Carpenter, Boak, Mucci ,
and Warren , 1933).
In vitro experiments likewise revealed that the
gonococcus could be either killed or its growth inhibited if the cultures were subjected to temperatures of
40-42° C. (104-107.6° F.).

Various strains were more
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resistent to temperature increases in vivo than in vitro.
The most conclusive work of this nature was done by
Carpenter, Boak, Mucci, and Warren (1933) and Boak,
Carpenter, and Warren (1935) in which the in vitro thermal
death points of 130 strains of gonococci were determined
to be between 6 and 27 hours at 41.5° C. (106.7° F.).
41 .5-42°

At

c., ninty-nine per cent of the organisms of all

strains were rendered non-viable within two hours, the
remainder being killed in five to fifteen hours.

A

patient subjected to equal temperatures for the period
of the thermal death point of those organisms with which
he was infected, would receive i mmediate cessation of
all symptoms and a "bacteriological cure. 11

It was later

discovered, however, tbat the fever period c ould be cut
to one- or three-fourths the theoretically required time
with equally favorable results.

Such suggested the

assistance of other defense factors of the body (Carpenter, Boak, Mucci, and Warren, 1933 ) .

The ba cteriological

apparatus necessary for computing the thermal death time
for the strains which a given patient harbors was too
cumbersome and complicated for ordinary purposes (Bierman
and Horowitz, 1935).

A number of short sessions at

similar temperatures without regard to strain present
were found more convenient for the patient and physician
than a single long session.

To prevent development of

!'i3

heat resistant strains bi-weekly treatment was advisable (Hench, 1935).
Bierman and Horowitz (1935) supplemented general ized hyperpyrexia with additional localized pe lvic
diathermy and obtained a temperature of approximately
112° F. (44.5

0

C.) which seemed well tolerated by

tissues in the region harboring the gonococcus.

This

allowed great margin of safety from the standpoint of the
organism's thermal death time.

Even so, with all thermal

procedures, it was considered possible that direct
bacteriocidal effe cts were not the only mechanisms
responsible for clinical improvement .

Other factors

of importance were active hyperemia with increased
blood and lymph flow·, and increases in leukocytes with
acceleration of their phagocytotic activity.
Gonorrheal arthritis:

Although the underlying

mechanisms involved in arthritis have been considered
the same as with urethritis, salpingitis, etc ., at
least one important difference has been observed;
namely,that gonorrheal arthritis was more easily and
quickly cured than genito-urinary infections .

Neyma nn

(1933) attributed this to the fact that (1) te mperature
within the male urethra remained about one degree
centigrade (1.8° F.) lower than rectal temperatures
during treatment, and that (2) massive invasion by the
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organisms has not yet occurred in urethritis and therefore the natural antibodies have not been mobilized.
Hench (1935) on the other hand, found that the articular
strains were frequently less heat resistant than urethral.
In addition to the thermal lethal influence of fever, the
physiological effects consist of local vasodilatation
"providing an augmented blood supply to the inflammed
tissues" ( Moench, 1937).
Reports of 100 pa tients with various forms of
gonorrheal infections have b e en given by Owens (1936).
Body te mpera tures were increased and maintained at 106.51070 F. for varied periods of time and a number of repeated sessions.

Results may be tabulated as follows:
Av. No. & Duration RA

Acute Urethritis (17 cases)
Cured •••••.•.•..........
Uncured •.•...•.........•

9
8

Adequate treatment ••••
Inadequate treatment ••

4

3 for 5.6 hrs. ea.
4 for 5.5 hrs. ea.

4

Chronic Urethritis and Prostatitis (61 cases)
Cured ••••••••••••••••• 35
4.3 for 5.8 hrs. ea.
Improved •••••••••••••• 22
2.9 for 5.3 hrs. ea.
Unimproved ••••••••••.• 4
Discontinued Rx
Salpingitis (10 cases)
Cured ...••..........••

Uncured

...............

6
4

Acute epididymitis (24 cases)
Cured•·•··•·•·•••·•·•• 13
I mproved •••••••••••••• 11
Gonococcic Arthritis (22 cases)
Cured•••••·•·•·••····· 14
Uncured • . . • . • . . . . . . . . .

4

5.6 for 5.2 hrs. ea.
3.2 for 5.7 hrs. ea.
Discontinued Rx
4.8 for 5.5 hrs. ea.
2 for 5 hrs. ea.
Discontinued Rx
4.8 for 4.6 hrs. ea.
3.2 for 4.6 hrs. ea.
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Another series of ~tient~ were treated in the same
department and reported by Simmons (1937).

These re-

ceived six hours of fever at 106-107° F. every three or
five days, with a maximal . total of 25 hours.

These cases

may be summarized as follows:
Gonococcic Arthritis (23 cases)
Cured •••••.••••••••••••••••• 15 (65%)
Marked improvement •••••••••• 4 (17%)
Slight improveme nt •••••••••• 3 (13%)
No improvement •••••••••••••• 1 ( 4%) Discontinued Rx.
Thus, 82 per cent were at least greatly improved, and
18 per cent did not receive sufficient fever therapy.
It was the general opinion, therefore, that t hose cases
which were not benefitted were t hose not receiving adequate treatment.

This was especially true in gonococcic

arthritis and acute epididymitis; for prompt and dramatic
relief could be assured in every case sufficiently treated (Simmons, 1937; and Owens, 1936).

Acute urethritis

of short duration responded poorly to fever treatment,
but the more chronic infections with prostatic involvement were easily cleared.

This again illustrated that

fever was not by itself entirely responsible for apparent
cures and that in acute cases the na tural resistance did
not have time to develop the antigenic factors which may
be more active in the chronic infections (Owens, 1936).
l 'here has since been considerable evide nce s howing that
fever is beneficial in sulfonamide drug· resistant patients
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or as a supplement to drug therapy (Owens, Wright and
Lewis, 1938).
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The Arthritides

Much confusion existed in the evaluation of
fever treatment of the various arthritides mainly because of the uncertainty of the cl:inical classifications
of these diseases.

For our purpose they may be con-

sidered as falling into four groups:

(1) Chronic in-

fectious, atrophic, proliferative, or rheumatoid
arthritis; (2) chronic senescent, hypertrophic, degenerative, or osteo-arthritis; (3) acute rheumatic fever;
and (4) mis cellaneous arthritides including gout,
traumatic arthritis, etc. ( Neymann, 1933; and Simmons,
1937).

Treatment of the hypertrophic or degenerative

types has been disappointing, and in many cases the
condition has been made worse .

Rheumatoid or chronic

infectious arthritis has been the type most favorably
influenced {Neymann, 1933).

Although results seemed

to depend upon the number of fever sessions given,
other factors, such as duration and activity of the
disease, have become to be regarded as more important.
Thus, the shorter the duration and the less the activity,
the greater the chance of a good response (Hench, Slocumb,
and Popp, 1935).
A satisfactory explanation of the mechanisms

~8

involved in any of the arthritides has probably not
been given (Neymann, Feinberg, Marks on, and Osborne,
1932); but suggestions of possible influencing factors
have been submitted.
the

II

To the time-honored belief of

application of heat for elimination 11 , the bene-

ficial values of increased circulation and metabolism
have more recently been added (Coulter, 1933; and Cecil,
1933).

Considerable decrease in the surface temperature,

blood flow, and ability of adjustment to changing temperatures have been designated as the pathological
physiology existing in tissues involved in the noninfectious arthritic processes (Wright and Pemberton,
1930, Cited by Neymann , Feinberg, Ma rkson, and Osborne,
1932).

Involved tissues revealed a narrowing and closure

of the capillaries with only sluggish responses to vasodilators including heat.

These were considered a

dysfunction of the sympathetic vascular control.

Lack

of response to the general vasomotor stimulation accompanying application of artificial hyperpyrexia could
reasonably account, in part at least, for the failure
of most cases to receive benefit from treatment.

In-

fluence of fever in the non-specific infectious types
of arthritides has been thought largely if not entirely
indirect.

These organisms have not been demonstrated to

be susceptible to degrees of heat applicable for

~9

treatment.

Nothing is known of the thermal death point

of the various streptococci which have been associated
with infectious arthritic diseases (Hench, Slocumb, and
Popp, 1935).
Clinical cases from the department of fever
apy here have been reported by Simmons (1937).

ther-

Thirty-

six cases of atrophic arthritis were treated up to that
time with te mperatures above 103° F. for an average total
of about 22 hours.

Improvement was noted in 78 per cent

of all the patients treated, as follows:
Per cent of Cases
None

Slight

22

11

--

Relief of pain ••••••••••
Relief of stiffness •••••
Relief of swelling and
deformity . . . . . . .

.. .

22-

33

0

19.4

Moderate Marked
25
25

42

16.6

31
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Simmons concluded that fever was of value only as an adjuvant to general treatment in that it decreased the
disability and swelling of the affected joints in most
cases.

In the treatment of the hypertrophic arthritides,

Simmons noted only moderate or temporary relief of symptoms in the ten cases reported.
The only statement discovered in the literature
regarding the possible mechanisms underlyi ng the treatment of a cute rheumatic fever was that of Simmons and
Dunn (1939) to the effect that" • • • The action of
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fever therapy in rheumatic fever is probably through ill
defined constitutional and immunologic factors."

On the

other hand , enthusiastic clinical reports have been made
by Simmons (1937); Simmons and Dunn (1938, 1939); and
Bennett and Hoekstra (1941) for rheumatic fever and its
joint complications and choreic involvements.
In 1937, Simmons reported nine cases with active
endocarditis and three complicated with chorea which were
treated by four hours of fever between 103-105° F.
Sessions were re peated in each case until improvement or
inactivity resulted.

Six of the patients with endocardi-

tis were relieved with an average of five treatments.
All three choreic cases became free of choreic movements,
fever, and :r:a in wit h in an average of nine sessions.

In

1938, Dunn and Simmons rep orted 15 cases and in 1939,
17 additional cases making a total of 31 .

Complete re-

lief of joint :p3.ins and swelling were obtained in almost
all cases.

Even though an acute attack usually subsides

without fever trea tment, it was evident that t he fever
reduced symtomatic activity and shortened the duration
of an attack.

In no instance were the heart lesions

aggravated, and if minimal, cleared symptomatically.
Not all could be attributed to the fever, however, for
removal of foci of infection remained important.
authors felt that the greatest benefit came by the

The
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shortening of the course of the attack over that of other
methods of treatment and thereby decrea sing the liability
of permanent cardiac damage.

Sedimentation rates, usual-

ly regarded as sign of activity, were decreased in 15 of
the 20 recorded cases during or following treatment.
More e mphysis was placed upon the complication of
chorea by Bennett and Hoekstra (1941).

They gave daily

treatments of two hours each with temperatures between
105-106° F. to 17 patients and reported cures in all
cases after an average of eight sessions.

They concluded

that fever therapy was a "near specific 11 , but did not
venture to postulate the possible mechanisms involved.
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Allergic States

Neymann (1933) and Feinberg , Osborne, and Afremow
(1931) have reported the effects of hyperpyrexia upon
certain conditions of allergy--asthma, hay fever, chronic
vasomotor rhinitis, urticaria, eczema, and
states."

11

rheumatic

Opini ons of the relative merits of this form

of treatment have varied considerably among the various
physicians.

In most instances what relief wa s observed

generally proved to be temporary in nature .

However,

Neymann (1933) stated that a pp roxima tely 60 per cent of
all asthmatics--failing to be helped by other standard
methods of treatment--were reported to be benefited by
artificial fever therapy.

Twenty per cent of the cases

were permanently relieved.
Me chanisms concerned with i mp rovement in intractable as~hmatics were once considered founded upon the
belief that fever produced an alteration in the acio/
base toward the acid side which was in turn responsible
for beneficial effects.

Such a shift has not been sub-

stantiated, and it has been stated that neither this
nor changes in reagins of the blood have anything to do
with the mechanisms involved (Feinberg, Osborne, and
Afremow , 1931).

Severa l other possibilities may be
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considered .

Increased capillary permeabilitJ, possible

local increase in antibodies , or improved conditions for
absorption of exudates bave been considered effective in
asthma .

Fever may also stimulate the sympathetic system

resulting in bronchial relaxation , but why should such
effects be prolonged?

The possible bene fits from stimu-

lation of the reticule-endothelial system were also mentioned (Feinberg , Osborne , and Steinberg, 1932) .
Neymann (1939) observed that fever decreased sensitivity to arsenic developed by some luetic patients
during treatment.

Many workers have come a~so to regard

chorea and rheumatic fever ("the rheuma tic state") as
examples of allergy or more specifically, anaphylaxis .
Considerable evide nce may be found to support belief of
Collis (1939 , Cited by Neymann, 1939) that the basis of
rheumatic disease may be an antigen-antibody reaction ,
and tha t rheumatic insults are expressions of "microanaphylactic shocks" in mesodermal t issues .

It was

suggested that hyperpyrexia may in some ~ay disrupt this
"noxious antigen- antibody reaction . "
Conclusions were drawn to the effect that the common
factor in the beneficial influence of fever in these
cli n ically simila r conditions -- sensitivenes to arsenic ,
chorea and other manifestations of the of the rheumatic
state , and asthma and other allergies- - appeared to be
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tha "inhibition of anaphylaxis . 11
o clinical material from the department here was
available .
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Miscellaneous Diseases

Fever therapy has been reported used in the treatment of small series of cases in a great variety of
diseases.

It has been tried in most everything.

Davison, Lowance, and Barnett (1935) observed favorable
results with tinnitis, psoriasis, corneal ulcer, angiospasm or thromboangiitis obliterans.

Hench (1955) was

able to make patients with sub-acute bacterial endocarditis "more comfortablen regardless of the increased
possibility of embolus formation.

Considerable improve-

ment was noted in four cases of post-encephaletic Parkinsonianism following hyperpyrexia ( Neymann, 1933).

It

was also highly recommend ed for treatment of bronchial
or lobar pneumonia by Ko bak (1933) or for pneumonococ cic
meningitis by Shaffer, Enders, and Wilson (1938).
Favorable results were attributed to improvement of
pulmonary circulation or heart action in the cases of
pneumonia and to the inhibition of growth and multiplication, as well as increased phatocytosis, of the
pneumococcic organisms in the case of the meningitis .
Use of fever in any of these diseases has not met with
general success or a pproval.
Tuberculosis:

Because of observations of Duncan,
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et al. (1933), which indicated that the tubercule
bacillus was thermolabile, it was hoped that fever would
be an adjuvant to the tre a tment of tuberculosis.

A fair

number of trials were made (Duncan, Fenger, and Greene,
1933; Duncan and Mariette, 1935; and Hench, 1935).

Hench

(1935) thought that some bacteriostatic effect on human
strains could be accomplished, but did not particula rly
favor such therapy because of the stimulation of metabolism equivalent to that of strong exercise which has
been known to be ha r mful in tuberculous patients.
Duncan, et al were also of the opinion that although the
met hod was theoretically sound, mor e harm was usually
done because of the dangers of dissemination during fever
episodes.

Many patients were reported as greatly bene-

fited, but in mo s t cases this subjective only.
Meningococcic infections:

Favorable results from

treatment of gonorrheal infections and the morphologic
and biologic similarities of the gonococcic and meningococcic organisms led to the determination of thermal
death points of the latter bacterium in hope of employing fever against it also (Bennett, Person, and Simmons,
1936).

Most of the 60 strains studied in vitro were

destroyed by tempera tures of 41.5°
a period of 8 hours.

c.

(106.8° F.) within

This was confirmed by Moench (1937)

for 15 strains, but due to the variability of heat

6Pf

sensitivity as well as appearance of some heat resistant
units in the majority of strains, he stated that sterilization was unlikely after one fever session.

Bennett,

Person, and Simmons (1936) reported cures in two cases
of chronic, serum-resistant meningococcic meningitis with
temperatures of 106 to 107° F. for two sessions of 6 to
8 hours each.

They cautioned against such therapy in

acute cases, however, because of the danger of severe
cerebral edema and medullary failure.
Neuropsychiatric disorders:

Evaluation of any

treatment in a chronic and remittent disease like
MULTIPLE SCLEROSIS has been found dirficult.

In early

cases, remissions may be made to occur more frequently
and last longer if fever therapy has been employed
(Ne~nann, 1933; Bennett, 1938; and Bennett and Lewis,
1940).

In advanced cases it was of little or no value

and in some was found harmful (Bennett, 1938).

o ex-

planation for effects noted were advanced.
Forty patients with various forms of NEUR~TIC ,
MYALGIC OR RADICULAR PAINFUL STATES were reported by
Bennett (1938).

The "prompt and striking" relief ob-

tained in the majority of patients led· to the belief
that "artificial fever therapy off~_red a helpful means
of alleviating these states. 11

Beneficial results were

probably realized because of the increase in blood flow
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through vasodilatation and the subsequent increase in
tissue oxidation and nutrition.

Leukocytosis, phago-

cytosis and prcxluction of immune bodies(?) were thought
by Bennett (1938) to play a µi.rt in the absorption of
rheumatic deposits, dilution of toxins, and healing of
the inflamed nerve tissues.
Therapeutic hyperpyrexia has also been noted to
shorten periods of convalescence in cases of TOXIC
I NFECTIOUS PSYCHOSES, but to be of no effect in FUNCTIONAL PSYCHOSES (Bamford, 1932; and Bennett , 1938).
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CONCLUSIONS

An attempt has been made to evaluate the various
mechanisms underlying the beneficial effects of fever
therapy as they have been advanced in the numerous accounts . of the literature.

Since the element of theory

has shrouded a sizable portion of the nature of the body's
defensive mechanisms, opinions between authors have
varied greatly .

Each of these has been considered in

its turn with reference to the discussion of the specific
diseases in vvhich the particular mechanisms were thought
to be involved.

Although the present p;tper has consisted

principally of an enumeration of the opinions as they
have been proposed , it is hoped t hat the relative
feasibility of each has been sufficiently stated or
intimated.

In the past there has been an all too fre-

quent tendency of the individual author to single out
one or two mechanisms which he favored above those sugguested by others as being specifically operative in
producing a beneficial therapeutic result.

These beliefs

could not or were not always substantiated by observations of the physiological alterations of induced fever
and therefore lent themselves well to the imagination.
The present day course has bent more and more toward the
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realization and acceptance of the fact that the complexed
body functions as a coordinated whole of its component
parts.

This comprehensive outlook has been well express-

ed by Doan (1938a):
Medical science now supports the belief
that the successful maintenance of a normally
functioning body in efficient equilibrium with
its environment is dependent upon the automatic
adjustment of the several parts to the demands
made upon them. The continuance and the efficiency of each organic functional performance
depends upon two reciprocal factors:
(1) The
"reserve II in each essential category with which
each individual is endowed at birth; and (2),
the severity and the character of the demands
upon that reserve which life may make. So long
as an adequate reserve is maintained the body
automatically adjusts to circumstances. It is
only when one or more of these "reserves" becomes exhausted or "sensitized" and insufficient
for adequate function, that the signs and symptoms of disease become apparent.
It becomes quite apparent from what has been stated
in the foregoing that artificially induced fever, since
it produces generalized alterations in physiology, more
than likely influences all of the body's defensive
mechanisms which participate in re-establishing that
"reserve II previously exhausted.

The type of mechanism

which may appear most effective will not therefore depend upon its individual stimulation or a cceleration but
rather upon the type of infective organism and the
specific pathology which it produces .

If either the

organism or its pathology are responsive, or can be made
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so , to the direct or indirect influence of the heat ,
i mprovement or cures will follow .

The empirical use of

hyperpyrexia cannot wholly .be elimi na ted simply because
all physiological mechanisms have not been completely
described .

In such instances the objective i mprovement

of cli nical cases must remain the rationale for continued but not indiscriminate use , until the complicated
operation of the body's defensive mechanisms during
hyperpyrexia can be more s a tisfacto r ily explained .
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